Potentiometric determination of Diclofenac using an ion-selective electrode prepared from polypyrrole films  by Oliveira, Michelle C. et al.
Journal of Electroanalytical Chemistry 732 (2014) 11–16Contents lists available at ScienceDirect
Journal of Electroanalytical Chemistry
journal homepage: www.elsevier .com/locate / je lechemPotentiometric determination of Diclofenac using an ion-selective
electrode prepared from polypyrrole ﬁlmshttp://dx.doi.org/10.1016/j.jelechem.2014.08.006
1572-6657/ 2014 Elsevier B.V. All rights reserved.
⇑ Corresponding author. Tel.: +55 41 3361 3177; fax: +55 41 3361 3186.
E-mail address: bergamini@ufpr.br (M.F. Bergamini).Michelle C. Oliveira, Eduardo H. Bindewald, Luiz H. Marcolino Jr., Márcio F. Bergamini ⇑
Laboratório de Sensores Eletroquímicos (LabSensE), Departamento de Química, Universidade Federal do Paraná (UFPR), CEP 81.531-980, Curitiba, PR, Brazil
a r t i c l e i n f oArticle history:
Received 9 June 2014
Received in revised form 28 July 2014
Accepted 1 August 2014
Available online 27 August 2014
Keywords:
Potentiometric sensor
Diclofenac
Polypyrrole
Determinationa b s t r a c t
The present work reports preparation and characterization of a new potentiometric sensor for determi-
nation of Diclofenac (DCF) based on doped polypyrrole ﬁlms. The response mechanism for the proposed
sensor is based on incorporation of DCF anion into polypyrrole ﬁlm during polymer electrochemical
synthesis in order to form a membrane with selective potentiometric response for the dopant ion. It
was observed that the sensor performance is dependent of the measurement parameters used in the
synthesis process realized under galvanostatic conditions. So, using the best set of experimental
conditions (electric current density of 0.045 mA cm2 and electric charge of 35 mC) the sensor exhibited
a linear dynamic response in the concentration range from 3.1  104 to 1.1  102 mol L1 of DCF with a
slope 48.2 mV dec1 and a limit of detection of 1.9  104 mol L1. The method was successfully applied
in the determination of DCF in pharmaceutical commercial samples with good correlation with result
provided by ofﬁcial method. The effect of interference species on potentiometric response and morpho-
logic characterization using microscopy of atomic force (AFM) has been also realized.
 2014 Elsevier B.V. All rights reserved.1. Introduction
Diclofenac (DCF) is a non-steroidal anti-inﬂammatory drug
(NSAID) with analgesic, anti-inﬂammatory and antipyretic proper-
ties. It is an analgesic that has a fast onset and long action duration.
Compared to other NSAIDs, Diclofenac is well tolerated and rarely
produces gastrointestinal ulcerations or other serious side-effects.
Thus, the use of DCF in treatment of acute and chronic painful and
inﬂammatory conditions is very common and it is present in sev-
eral commercial pharmaceutical products [1].
There are several analytical methodologies reported for DCF
determination in pharmaceutical preparations, such as chromatog-
raphy [1,2], capillary electrophoresis [3], differential scanning
calorimetry (DSC) [4], gravimetric [5], and spectrophotometric
[6,7]. The ofﬁcial method for DCF determination by the Brazilian
Pharmacopoeia [8] is based on High Performance/Pressure Liquid
Chromatography (HPLC). In general, these techniques demand long
time-consuming or expensive and sophisticated instruments.
Alternatively, electroanalytical methods could offer methodologies
with adequate analytical performance for determination of several
analytes and sometimes applied without any pretreatment of the
sample [9,10]. In addition, electrochemical devices are cheap, easyconstruction, provide a rapid response and could be used in ﬁeld
analysis.
Potentiometric methods using ion selective electrodes (ISE) are
an interesting alternative to determination of drugs, since provides
simple procedures and low-cost electrodes, besides good selectiv-
ity and sensitivity [10]. In this way, some potentiometric devices
for DCF determination have been reported which are based on
plastic membrane containing an ionophore (e.g. ion pair complex
as an ion-exchanger) immobilized on transducer surface [11–15].
Kormosh et al. [11–13], developed different Diclofenac-sensitive
electrodes by incorporation of ion pair complex formed between
DCF and butyl rhodamine B and DCF with Safranine T dye into
graphite matrix. The electrodes exhibited a linear response over
the concentration range of 5.0  105–5.0  102 mol L1 at pH
6–12, a detection limit approximately 105 mol L1 with a Nerns-
tian slope between 47–61 mV dec1 and showed good sensitivity
for DCF in presence of several substances. Using a similar approach,
Maleki et al. [15] prepared an ion pair complex between DCF with
silver which showed a Nernstian response (58.9 ± 0.2 mV dec1)
and a linear range from 5.2  105 to 1.1  102 mol L1 at
25 ± 1 C. The results of DCF assay with the proposed sensor were
in good agreement with the ofﬁcial HPLC method.
Nowadays, one of the most successful potentiometric sensors in
routine use, mainly in clinical analysis and quality control is based
on conducting polymeric membranes containing ionophores
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eral conductive polymers [16] which could be used for membrane
preparation applied for ISE construction. Among them, polypyrrole
ﬁlms have received great attention in last years [17–19]. Its mech-
anism of response is based on incorporation of dopant anions that
occurs during the polymerization process. The intercalation
phenomenon has been well studied for several inorganic ions
[20–23] and more recently a selective potentiometric response
has been found using organic anions such as saccharinate [24],
benzoate [25] among others. Bindewald et al. [18] described the
development of a sensitive and selective disposable solid-state
potentiometric sensor for dipyrone determination. The dipyronate
anion was incorporated in the PPy matrix during electrochemical
polymerization realized under galvanostatic conditions at a graph-
ite pencil electrode. The sensor response for dipyrone was linear in
the concentration range from 1.0  104 to 4.0  102 mol L1
with a slope of 29 mV dec1 without interference of inorganic
and organic species. The method was successfully applied in the
determination of dipyrone in spiked human urine and pharmaceu-
tical commercial samples. The main goal of the present work was
to develop, for the ﬁrst time, a potentiometric sensor for selective
determination of Diclofenac based on a doped polypyrrole ﬁlm.2. Experimental
2.1. Apparatus
Electrochemical measurements were carried out using lAuto-
labType III (Eco Chemie) under computer control. Galvanostatic
and voltammetric experiments were realized using a conventional
electrochemical cell with three electrodes, graphite pencil elec-
trode was used as working electrode, Ag/AgCl (KCl 3.0 mol L1)
as reference electrode and a platinum plate was used as auxiliary
electrode. Potentiometric measurements were performed in a
two-electrode cell using modiﬁed graphite pencil electrode
(MGPE) with doped polypyrrole ﬁlms as indicator electrode and
an Ag/AgCl, KCl 3.0 mol L1 as reference electrode. The potentio-
metric measurements were performed using GPES software (Eco
Chemie) by chronopotentiometry (zero current) and recorded
two minutes after DCF addition.
2.2. Reagents and solutions
All solutions were prepared using puriﬁed water from Millipore
(Milli-Q) system. All chemicals were analytical reagent grade and
used without further puriﬁcation (except pyrrol monomer). Before
the polymerization procedure, pyrrole was distilled to insure bet-
ter reproducibility in the formation of polypyrrole ﬁlm.
Diclofenac solutions were prepared daily by dissolving of solid
standard in 10 mL of hydroalcoholic solution (20%). Potentiometric
measurements were performed using an ammonium sulfate solu-
tion prepared in hydroalcoholic medium (20%).
2.3. Electrochemical procedures
Modiﬁed electrodes were prepared from commercial graphite
pencil Faber Castell (soft lead (HB) with 2.0 mm diameter). Pieces
of 5.0 cm lengthwere obtained bymanual cut, polished and directly
connected to the potentiostat by cable without any additional pre-
treatment. For polymerization steps a total area of 0.659 cm2 was
immersed in the polymerization solution. The preparation of poly-
pyrrole ﬁlm was realized using a galvanostatic procedure [26] in a
solution containing 1.0 mol L1 PPy and 0.1 mol L1 of DCF. Electro-
chemical parameters: current density and electrical charge were
varied from 0.015 and 0.105 mA cm2 and from 10 to 50 mC,respectively. After the polymerization process the MGPEwas main-
tained in a solution containing 0.1 mol L1 of DCF.
The proposed method was available for DCF determination in
commercialized pharmaceutical formulation, using the following
procedure: the contents of three tablets were weight and the ﬁne
powder dissolved in hydroalcoholic solution (20%). The solution
obtained after ﬁltration was transferred quantitatively into a cali-
brated ﬂask and diluted to a ﬁnal volume of 100 mL. All others
solutions were obtained by direct dilution of this stock solution
with the hydroalcoholic solution. The DCF content was determined
using standard addition method. For comparison and validation of
the proposed sensor, the DCF content in this sample was also ana-
lyzed by using an ofﬁcial method (UV-spectrophotometric).3. Results and discussion
3.1. Morphological and potentiometric characterization
Electropolymerization of doped PPy ﬁlmwas realized by using a
galvanostatic procedure. This procedure is based on application of
a constant electric current by deﬁned period of time. During this
process occurs the oxidation of a pyrrole monomer in order to yield
a ﬁlm at the electrode surface; that structure acquire a positive
local charge which is compensated by incorporation of anion from
solution yielding the PPy–DCF membrane [26]. The sequence of
steps involved during the PPy formation and doping of the polymer
chain by DCF could be represented by Scheme 1.
In general, oxidized conducting polymers, like PPy, consist of a
polycationic backbone and charge-compensating ions. Depending
on the charge and mobility of the incorporated ions, conducting
polymers behave as an anion exchanger. The anion-selectivity of
PPy seems to be related to the size of the anion incorporated as
counter ion in the electropolymerization step [27]. Ozcan et al.
[19] prepared a molecularly imprinted polymer (MIP) based on a
polypyrrole (PPy) ﬁlm for selective recognition of paracetamol.
The proposed MIP was prepared by cyclic voltammetric deposition
of pyrrole monomer in solution in the presence of a supporting
electrolyte (LiClO4) and paracetamol as a template molecule. The
molecularly imprinted ﬁlm exhibited a high selectivity and sensi-
tivity toward paracetamol, showing an effective incorporation of
a molecule probe into polymer chain.
In order to verify the effect of the DCF doping in the polymer
structure, potentiometric and morphological characterization were
performed using different electrodes. The results obtained by
potentiometric measurements are shown in Fig. 1.
The morphological characterization of polypyrrole ﬁlms
obtained on ITO surface was realized by AFM using ﬁlms prepared
in KCl solution and DCF solution following the galvanostatic proce-
dure. AFM measurements have shown the morphological aspects
of a PPy ﬁlm prepared in KCl solution (Fig. 2) where largest parti-
cles could be found with irregular shapes such as agglomerations.
This surface shape presents an uniform aspect and it has been
veriﬁed over whole surface. Similar results have been reported
by Paramo-García et al. [28] analyzing the surface changes of
polypyrrole ﬁlms deposited on vitreous carbon substrates by elec-
trochemical methods in the presence of different doping anions: I,
Br, Cl, F, NO3, ClO4 and SO42. AFM images obtained for PPy ﬁlm
prepared in DCF solution revealed that the agglomerations are less
pronounced when compared with ﬁlms doped with Cl. Besides
that, the thickness of PPy ﬁlms is observed to increase with anion
size in halide electrolytes (7.85 nm for Cl and 12.11 nm for DCF).
These results have suggested that DCF has promoted a signiﬁcative
morphological alteration due to their intercalation into the poly-
meric chain. Tonelli et al. [29] have reported a molecular imprinted
polymer for ascorbic acid (AA) determination based on PPy doped
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Scheme 1. Schematic representation of involved steps during the preparation of polypyrrole membrane doped with Diclofenac anion.
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Fig. 1. Potentiometric response obtained in (NH4)2SO4 using MGPE/PPy–DCF for
reference solutions content of 9.9  106, 2.1  105, 9.4  105, 2.1  104,
6.0  104, 2.2  103 and 8.0  103 mol L1 of DCF.
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features of polymer ﬁlm when AA was used as template probe dur-
ing the growing of polymeric layer.
Potentiometric response curves were registered using elec-
trodes PPy–DCF and PPy–Cl in order to verify the selectivity con-
ferred by doping process. PPy–Cl membrane has not exhibited
any signiﬁcative potentiometric response for DCF which conﬁrm
that the selective potentiometric response only could be found
by DCF anion incorporation into membrane. When PPy–DCF mem-
brane was used, a potentiometric response was veriﬁed following
the equation E (mV) = 68.5 + 15.8 pDCF (mol L1). The slope of cal-
ibration curve could be reported as b ⁄ 59 mV where b is electro-
motive efﬁciency of the membrane. The electromotive efﬁciency
(b) is related with the membrane performance and it could include
mobility of Diclofenac anions in the inner polymeric chain and con-
ductivity of the ﬁlm. In addition, it could be affected by polymer
morphology, polymerization procedures and anions size. Thus,
PPy–DFC membrane has an important role to confer selectivity to
potentiometric response of the device and in order to improve ana-
lytical performance of membrane a systematic study for optimiza-
tion of experimental conditions were subsequently realized.
3.2. Inﬂuence of experimental parameters
First of all, electric current density used for growth of polymer
on the electrode surface was evaluated for values ranging between0.015 and 0.105 mA cm2. With the increase on the electric current
density, the slope of response increased as for values between
0.015 and 0.030 mA cm2 and became practically constant for
values between 0.030 mA cm2 and 0.045 mA cm2. For high val-
ues, it was observed a decrease on the potentiometric response.
That behavior could be related with the PPy ﬁlm structure which
for high values of electric current density there are no adequate
incorporation of DCF into polymeric chain promoting a poor poten-
tiometric response [30,31]. Therefore, due to the best obtained
sensitivity an electric current density of 0.045 mA cm2 was used
for further studies.
The effect of pH solution is an important variable and it can
affect the potentiometric performance of the membrane. So, in
order to optimize the pH value for further studies, this parameter
was studied in the range between 2.0 and 7.0 employing a hydro-
alcoholic solution (20%) content sulfate ammonium 1.0  102 -
mol L1 (Fig. 3). From obtained results is possible to seem that
for acidic solutions pH < 2, the potentiometric response decreased,
probably attributed to DCF protonation which could affect the DCF
distribution and it promotes loss in the slope of calibration value.
The slope reaches a maximum value (50 mV dec1) at pH 3.0 and
pH 3.5, decreasing for pH values above 4.0, that are in agreement
with pKa value (3.8) for DCF [32]. For further experiments, the
pH 3.0 value in the measurement solution was adopted.
The inﬂuence of electric charge used during the polymerization
step on the potentiometric response of the device was studied for
values ranging from 10 to 50 mC using an electric current density
of 0.045 mA cm2. This parameter could be related with the
amount of ﬁlm deposited at electrode surface. Values of sensitivity
increased signiﬁcantly and reached a maximum value for 35 mC of
electric charge and diminish for values above 40 mC. The results
suggested that the amount of electric charge applied during ﬁlm
preparation is proportional to the amount of the PPy ﬁlm. Binde-
wald et al. [18] have reported similar results for PPy doped with
dipyrone where high values of electric charge yielded an increase
of ﬁlm thickness and it has promoted a decrease of potentiometric
response. Therefore, the value of 35 mC was assumed as adequate
for further studies.
Conditioning time (prior to potentiometric measurements) of
the electrode was investigated for period of time ranging of 0 (after
membrane preparation) to 10 h by recording of open circuit poten-
tial as a function of time and using the slope values obtained from
calibration curves. For all conditioning times evaluated a constant
value of the potential was reached rapidly (less than 3 min) in solu-
tion without of DCF. This result suggests that during the condition-
ing step the sulfate anions do not replace the DCF molecules
Fig. 2. AFM images obtained for PPy ﬁlms prepared at a constant electric current of 0.045 mA cm2 in a 0.10 mol L1 pyrrole solution with different electrolytes
(0.10 mol L1): (A) KCl and (B) DCF.
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Fig. 3. Effect of pH on the potentiometric response (slope of calibration) recorded
for concentration of DCF between 1.0  104 and 1.0  102 mol L1 using solutions
with pH values varying from 2.0 to 7.0.
Table 1
Experimental variables examined in the optimization of the MGPE/PPy–DCF for the
determination of Diclofenac in pharmaceutical formulations.
Experimental parameter Studied range Optimum value
Electric current density 0.015–0.105 mA cm2 0.045 mA cm2
Electric charge 10–50 mC 35 mC
pH 2.0–7.0 3.0
Conditioning time 0–10 h Not necessary
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elevated concentration of electrolyte. From calibration curves
was observed that there is no signiﬁcative difference in slopes after
electropolymerization step. The sensitivity (slope) has shown thatthere is no necessary any precondition of the electrode in solution
content the analyte prior to the measurements. This feature is
important because the electrode could be used immediately after
preparation.
3.3. Figures of merit and analytical application of the sensor
After optimizing the best operating conditions for the MGPE/
PPy–DCF (Table 1) chronopotentiometric measurements (Fig. 4)
were carried out in hydroalcoholic solution of sulfate ammonium
1.0  102 mol L1 containing different DCF concentrations in
order to obtain the analytical curve (Fig. 4).
All calibration curves were constructed by plotting the
measured potential after the addition of the analyte versus pDCF.
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0.01 mol L1 of (NH4)2SO4 using successive additions of DCF solution for ﬁnal
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tions was veriﬁed for concentration in the range from 3.1  104 to
1.1  102 mol L1. The potentiometric response for the MGPE
could be represented by the equation: E (mV) = 1.8 + 48.2 pDFC
(mol L1). A limit of detection (LD) of 1.9  104 mol L1 was found
[33].
Table 2 presented the characteristics of calibration for proposed
sensor and the analytical performance of other methodologies
employed for determination of DCF. Although the method has
not shown detection limits as low as those reported for other ana-
lytical techniques, the performance of the proposed procedure
allow the device for application of DCF determination in biological
ﬂuid samples and pharmaceutical formulations without a severe
pretreatment of the sample.
Chronopotentiometric curves recorded using the same elec-
trode has shown reproducibility of the response (slope) with a
standard deviation of 3.5% (n = 5), ensuring the reliability in the
developed sensor. Using different membranes (n = 5) the slope of
calibration has shown a standard deviation of 8.0%. In addition,
when the proposed sensor has been changed from more concen-
trated to less concentrated solutions any ‘‘memory’’ effect was ver-
iﬁed and potential measured reached the similar potential values
for tested concentration.
The selectivity coefﬁcients of the proposed sensor for DCF
towards interfering species (sodium, potassium, chloride, nitrate
and sulfate) were evaluated using the two solution method
(TSM) [34]. The adopted procedure for potentiometric selectivity
coefﬁcient estimation is based on measurement of a potential dif-
ference veriﬁed for solutions containing only DCF and in a solution
containing both DCF and interfering ions. Organic species such as
ascorbic acid, glucose, dopamine and urea do not exhibited signiﬁ-
cative effect on the potentiometric response. The study about
selectivity for inorganic species has revealed values for coefﬁcient
of selectivity lower than 102 suggesting that proposed sensor has
shown a good selectivity and it is enough to allow determination of
the DCF content even in samples containing elevate amounts of
potential interferents.Table 2
General characteristics of the analytical methods used for DCF determination in several sa
Method Electrode
Capillary electrophoresis (electrochemical detection) Carbon ﬁber m
Liquid chromatographic
Potentiometric Graphite
Potentiometric PVC membran
Potentiometric GraphiteIn order to show the selectivity of the sensor against some cited
species a chronopotentiometric curve (Fig. 5) has recorded using
two addition of approximately 1.0  104 mol L1 (ﬁrst addition)
and 1.9  104 mol L1 (second addition) of DCF intercalated by
successive additions of 1.0  103 mol L1 of potential interfering
species. It can be seen that the proposed electrodes showed high
selectivity to DCF; the potential values recorded were almost con-
stant or it has displayed only a slightly variation. Based on these
results, we can conclude that the evaluated species do not promote
signiﬁcative interference in the DCF determination and they could
be deﬁned as non-interferents.
The proposed sensor was applied for potentiometric determina-
tion of DCF in commercial pharmaceutical samples adopting
standard addition method. The analysis of DCF was realized in trip-
licate (n = 3) and the results obtained were compared with those
provided from ofﬁcial method based on Brazilian Pharmacopoeia
(UV-spectrophotometry). Recoveries from 96% to 103% of DCF were
obtained for all samples analyzed which is an evidence of the
accuracy and applicability of the proposed sensor. Statistical calcu-
lations were realized using obtained results and they have shown a
good precision for the potentiometric method and no signiﬁcant
differences between the results at the 95% conﬁdence level.
4. Conclusion
The versatility of PPy ﬁlm in the incorporation of anion and its
potentiality for development of sensor for DCF determination was
successfully demonstrated. Galvanostatic experimental conditions
used in the polymerization step could cause a signiﬁcant inﬂuence
in the morphology of the membrane and/or on potentiometric
response and so they should be carefully evaluated. The use of
MGPE modiﬁed by PPy doped with DCF allows the construction
of devices by fast way and cheap which could be useful as a
promising analytical tool for the development of potentiometric
sensors.mples.
LOD Refs.
icroelectrode 2.50  106 mol L1 [1]
45 ng mL1 [2]
105 mol L1 [11–13]
e 4.0  106 mol L1 [14]
2.0  104 mol L1 This paper
16 M.C. Oliveira et al. / Journal of Electroanalytical Chemistry 732 (2014) 11–16Conﬂict of interest
Wewish to conﬁrm that there are no known conﬂicts of interest
associated with this publication.
Acknowledgements
We gratefully acknowledge ﬁnancial Brazilian support from
Fundação Araucaria, CAPES (Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior) and CNPq (Conselho Nacional de Desen-
volvimento Cientíﬁco e Tecnológico).
References
[1] R. Roskar, V. Kmetec, J. Chromatogr. B 788 (2003) 57.
[2] R. Arcelloni, S. Lanzi, G. Pedercini, G. Molteni, I. Fermo, A. Pontiroli, R. Paroni, J.
Chromatogr. B 763 (2001) 195.
[3] J. Wenrui, J. Zhang, J. Chromatogr. A 868 (2000) 101.
[4] R. Bucci, A.D. Magri, A.L. Magri, J. Therm. Anal. Calorim. 61 (2000) 369.
[5] M. Tubino, R.L. Souza, J. AOAC Int. 88 (2005) 1684.
[6] R.L. Souza, M. Tubino, J. Brazil Chem. Soc. 16 (2005) 1068.
[7] J.C. Botello, G.P. Caballero, Talanta 42 (1995) 105.
[8] Farmacopeia Brasileira (2010) volume 2/Agência Nacional de Vigilância
Sanitária. Brasília: Anvisa.
[9] C.M.A. Brett, Pure Appl. Chem. 73 (2001) 1969.
[10] E. Pretsch, Trends Anal. Chem. 26 (2007) 46.[11] Z. Kormosh, I. Hunka, Y. Bazel, Chem. Res. 1 (2008) 25.
[12] Z. Kormosh, I. Hunka, Y. Bazel, Chinese Chem. Lett. 18 (2007) 1103.
[13] Z. Kormosh, I. Hunka, Y. Bazel, Acta Chim. Slov. 55 (2008) 261.
[14] M. Shamsipur, F. Jalali, S. Ershad, J. Pharm. Biomed. Anal. 37 (2005) 943.
[15] R. Maleki, A.A. Matin, R. Hosseinzadeh, A. Jouyban, Pharmazie 62 (2007) 672.
[16] B. Adhikari, S. Majumdar, Prog. Polym. Sci. 29 (2004) 699.
[17] A.R. Zanganeh, M.K. Amini, Electrochim. Acta 52 (2007) 3822.
[18] E.H. Bindewald, M.F. Bergamini, L.H. Marcolino Jr., Electroanal 25 (2013) 1–6.
[19] L. Özcan, Y. Sahin, Sens. Actuat. B 127 (2007) 362.
[20] J. Bobacka, A. Ivaska, A. Lewenstam, Electroanal 15 (2003) 366.
[21] T.A. Bendikov, J. Kima, T.C. Harmonb, Sens. Actuat. B 106 (2005) 512.
[22] M. Sahin, Y. Sahin, A. Ozcan, Sens. Actuat. B 133 (2008) 5.
[23] B. Paczosa-Bator, J. Migdalski, A. Lewenstam, Electrochim. Acta 51 (2006)
2173.
[24] G.A. Alvarez-Romero, S.M. Lozada-Ascencio, J.A. Rodriguez-Avila, C.A. Galán-
Ávila, M.E. Páez-Hernández, Food Chem. 120 (2010) 1250.
[25] N. Alizadeh, N. Saburi, S.E. Hosseini, Food Control 28 (2012) 315.
[26] T.A. Bendikov, T.C. Harmon, J. Chem. Edu. 82 (2005) 439.
[27] G.A. Álvarez-Romero, E. Garﬁas-García, M.T. Ramírez-Silva, C. Galán-Vidal, M.
Romero-Romo, M. Palomar-Pardavé, App. Surf. Sci. 252 (2006) 5783.
[28] U. Paramo-García, J.G. Ibanez, N. Batina, Int. J. Electrochem. Sci. 8 (2013) 2656.
[29] D. Tonelli, B. Ballarin, L. Guadagnini, A. Mignani, E. Scavetta, Electrochim. Acta
56 (2011) 7149.
[30] S.B. Adeloju, S.J. Shaw, Anal. Chim. Acta 281 (1993) 621.
[31] T. Lindfors, J. Bobacka, A. Ivask, Anal. Chim. Acta 355 (1997) 217.
[32] C. Ràfols, M. Rosés, E. Bosch, Anal. Chim. Acta 338 (1997) 127.
[33] Y. Umezawa, P. Bühlmann, K. Umezawa, K. Tohda, Pure Appl. Chem. 72 (2000)
1851.
[34] E. Lindner, Y. Umezawa, Pure Appl. Chem. 80 (2008) 85.
